Abstract-As the result of the rapid development, mountain areas have suffered from the unbalanced development and land use planning. Recently, under the global climate change, the stability of mountain land is more difficult to control. Therefore, it is an important issue to find the most suitable land use pattern for mountains in order to respond to the impact of global climate change. This paper applies multi-objective programming model for the evaluation of sustainable management strategies of optimal land development in mountains. The environmental goals focus on the water quality, the economic goals focus on the total output value, and the disaster goals focus on soil erosion. A case study of the planning for land use programs in the Tai Po Township in Taiwan was demonstrated.
I. INTRODUCTION
Under the global climate change, we have to respond to its impact. Because of the geographical location, Taiwan is easily threatened by natural catastrophes every year. Recently, because of growing population, many cities have been overdeveloped. Therefore, people had to turn to the development of mountains. As the result of the rapid development, mountains have suffered from the unbalanced development and land use planning. It makes the stability of land more fragile than other places. And when under natural disasters, there are usually great damages and losses. In other words, mountains are high flood risk areas in Taiwan. Therefore, how to adjust land use pattern is an important issue in such a complex environment.
Land use planning can be defined as the process of allocating different activities or uses to specific units of area within a region [1] . The optimization of land use allocation is a complicated process as it involves determining not only what to do and how much to do, but also where to do the selection. Nowadays, Land use planning can't consider only one problem, it has to consider many different objectives or limits. By modeling land-use changes it helps inform policymakers of possible future conditions under different scenarios [2] , [3] . In that way, planners or policymakers can make adjustments to improve the problem. After the Typhoon Morakot, mountain land use planning has to be readjusted. In the past, people focused on economic objectives, but nowadays environmental protection and disaster prevention are also important and have to be taken into account. It is expected that the most suitable mountain land use strategies can be found.
In the past, we usually use simulation and optimization to analyze mountain land use planning [4] - [6] . When we need to find the best possible solution on the issue of planning, it is necessary to use optimization models to meet the different needs of the next best option [7] . When we need to consider the multiple objects under conditions and limited resources, we must use multi-objective planning law (Multi-objective programming, MOP). Multi-objective programming is concerned with planning problems in which several conflicting objectives are to be optimized simultaneously. Many studies have been focused on the deterministic multi-objective land use planning under various conditions, including those applications in the planning of an industrial complex, watershed, river basin, or small island [8] .
In this paper, we use multi-objective program in the analysis of mountain areas, trying to construct a multi-objective land use optimization to assess the future land use pattern and finally finding out how to adjust the future land use pattern under climate change and human activities.
II. LITERATURE REVIEW

A. Mountain Land-Use Planning
Land use pattern affects the region's socio-economic, natural ecology in many ways [9] .Traditional land-use planning is to estimate future population and industrial demand, then doing land use planning., However, environmental protection-oriented planning is required in the mountain area. Chang et al. (1997) and Lee (2012) [10] took into account the economic development and environmental conservation in Tsengwen Reservoir and its river basin. They tried to strike a balance between economic development and environmental protection. While Hung (2009) [11] thought that disaster prevention was more important in mountain land-use planning.
Through the literature review, mountain area land-use planning has to take into account the economic development, environmental protection and disaster prevention. Due to overdevelopment, there are serious soil erosion problems in mountains. And also under the global climate change, the extreme weather happened frequently. The residents in this area are threatened. Therefore, land use pattern must be readjusted to avoid the reoccurrence of the subsequent disasters. 
B. Multi-Objective Land Use Planning Implications and Research
Land use planning may be defined as the process of allocating different activities or uses to specific units of area within a region. This is a complex process, as in land use planning decisions must be made not only on what to do but also on where to do it, adding a whole extra class of decision variables to the problem. Planners have to analyze the current land use pattern, and predict the future land use pattern. In that way, it will achieve the purpose of sustainable planning. By modeling land-use changes it helps inform policymakers of possible future conditions under different scenarios. Each type of model has its own potential and constraints with respect to the requirements and expectations of land-use planners and policy makers.
When doing land use planning, we must consider various factors like environmental, ecological, economic, social conditions, and so on. Therefore, land use planning considers not only a single goal, but also the interaction among many goals. Multi-objective programming usually requires consideration of complex and multiple objectives with limited resources [12] . Multi-objective land use planning research Many studies have been focused on the deterministic multi-objective land use planning under various conditions, including those applications in the planning of an industrial complex, watershed, river basin, or small island. Tecle et al. (1994) [13] set economic benefit, and cost objective functions to find out the maximization of economic benefit in forest resources management. Chang et al. (1997) used fuzzy multi-objective programming model for the evaluating sustainable management strategies of optimal land development in the reservoir watershed. The environmental goals lie in the conservation of reservoir water quality and the economic goals focus on the rewards from various uses of land within the watershed. Raizada et al. (2008) [14] used multi-objective optimization techniques in a Central Himalayan watershed on forest fodder dependency for meeting fodder requirements of livestock in the watershed. Alternate land use plans were developed for optimizing four objective functions. Juan (2010) proposed a multi-objective programming (MOP) method to assist the city government in dealing with complex aggregation relocation decision problems. Lee (2012) focused on the development of a multi-objective game-theory model (MOGM) for balancing economic and environmental concerns in reservoir watershed management and for assistance in decision.
Other researches like Glover and Martinson (1987) [15] using multi-objective optimization in limit resource, budget, and policies for matching production objectives with management activities. Zander and KaÈchele (1998) [16] thought how to construct a multi-objective sustainable land use planning framework. Huang et al. (1998) [17] proposed an inexact-fuzzy multi-objective programming model for adaptation planning of land resources management in the Mackenzie Basin under changing climate. Ko [18] and Chang (2012) developed an integrated modeling framework called MOPSD (Multi-Objective Programming and System Dynamic) that can be used for spatial land use planning in coastal areas. Gong et al. (2012) [19] constructed a multi-objective model to discuss the problem, including economic benefits and ecological effectiveness, in terms of land use optimization.
In conclusion, researches of multi-objective planning in land use planning are usually including environmental and economic problems. After the Typhoon Morakot, how to readjust mountain land use patterns to strike a balance between environmental protection and economic development is an urgent issue for planners. As a result, this paper wants to use multi-objective programming in mountain land use to find the best mountain land use allocation.
III. THE DEVELOPMENT MULTI-OBJECTIVE PROGRAMMING MODEL
This paper concludes that the mountain land-use planning must strike a balanced among economic development, environmental protection and soil erosion. Over the past few decades, population growth and rapid development have gradually destructed the natural ecology of mountains and increased the environmental load. Therefore, mountains have experienced a conflict between economic development and environmental protection over the past few years.
Compared to other areas, mountain terrain is steep. So in the season when typhoons occur frequently, the problems of landslide and mudslide are very serious. After the Typhoon Morakot, we recognized that the prevention of mountain disasters is very important to land use planning. The typhoon caused serious mountain landslides and mudslide because a lot of soil lost. If we can control soil erosion, it can make soil recover quickly. More important, it can reduce the probability of the reoccurrence of landslides and mudslides. Therefore, this paper will consider economy, environment and disaster as three primary objectives for land use planning, especially for land use allocation to achieve sustainable development goal.
A. Maximization of Economic Benefit
Output value is the main source of the economic development of the region. In this paper, we estimate that different land use configurations yield different economic benefit; optimizing the structure and layout of different land uses to maximize economic benefit is crucial.
B. Maximization of Environmental Benefit
Environmental sustainability is to ensure that interactions with the environment are pursued to keep the environment as pristine and as natural as possible. In this paper, environmental benefit is related to water quality impact. And Water quality impact is associated with the discharges of biological oxygen demanding load (BOD).The main source of biological oxygen demanding is from nonpoint-source pollution. Therefore, different land use configurations yield different biological oxygen demanding.
C. Minimization of Soil Erosion
After the Typhoon Morakot, mountain geology is fragile. During the rainfall seasons, soil is easier to be eroded. Soil erosion will increase soil loss, reduce agricultural productivity and deteriorate water quality, and so on. It also affects the lives and property of residents. If we can control soil erosion, we can minimize the impacts resulted from disasters. In this paper, the method of estimating soil losses from rainfall and runoff is an empirical equation called the Universal Soil Loss Equation (USLE) that is generally expressed by the following formula:
where, A=average annual soil loss in tons per hectare per year; R=rainfall and runoff erosive power index for a given location; K=soil erodibility factor; LS=slope length and steepness factor; C=cover and management factor; and P=conservation or support practice factor. In this paper, different land use configurations yield different average annual soil loss.
D. Constraints
Within land use allocation optimization problems, some constraints must be satisfied. Compared to other areas, when we have to develop the mountain, we have to consider the mountain slope because some area can not be used for buildings. Also the upper constraints were considered based on the master plan and logical social and economic environments. According to the laws and regulations, slope can not exceed 30% (16.69 degrees), if slope exceed 30% (16.69 degrees), it could not be as housing and commercial type; the current law restricts the area of commercial and housing in 1.8 ha that is used as the upper boundary; areas located in the hillside conservation can't be as commercial type; moreover, the population is one of the main factors in land use change.
IV. CASE STUDY
Tai Po (Fig. 1) . is located in Chiayi County in Taiwan. It lies between 23°12'48" and 23°22'01" north latitude and between 120°31'08" and 120°39'47 east longitude. Tsengwen Reservoir, also located in Tai Po, is a multipurpose reservoir for flood control, hydro power generation, irrigation, water supply, recreation and flow augmentation. Recently, the situation of soil erosion and sedimentation in the reservoir, soil nutrients runoff from agriculture land became worse over time in recent years. After the Typhoon Morakot, Tai Po has been affected. Therefore, land use pattern should be reallocated.
A general Multi-objective allocation model framework can be expressed as the following:
Based on the understanding of sustainable development and the characteristics of land use allocation optimization problem, our objectives can be categorized as follows:
Maximization of total output value. Minimization of total biological oxygen demanding load. Minimization of total soil erosion.
Only four categories of land use programs, including crop land, orchard, housing and commercial are considered in this analysis. A planning area can be represented as consisting of a grid with N rows and M columns. There are K different land use types' binary variables, which equals 1 when land use k is assigned to Cell (i, j) and equals 0 otherwise. Furthermore, Bijk is set as the parameter of different objectives and it varies with location as it depends on specific attributes of the area according to each objective. Accordingly, for each objective function described in the previous section, all these objectives are based on the grid with N rows and M columns. The MOLU model is formulated as follows:
Maximize:
B is the parameter based on each cell for each land use type. And one and only one land use type must be assigned to each cell, because decision variable Xijk must be 0 or 1. For each objective, the model is formulated as follows:
Minimize:
Min(y)=∑aixij (6) Min(e)=∑eixij (7) z (x) = total annual output value of function (NT / ha) y (x) = total annual soil loss in tons per hectare per year function (ton / ha) e (x) = total biological oxygen demanding load(kg / ha) di = different land use type output value in different grid (NT / ha) ai = different land use type soil loss in different grid (ton/ ha) ei = different land use type biological oxygen demanding load in different grid (kg / ha) Subject to: In this paper, we exclude "water source protection zone" and remain other areas which can be planned.
A. Model Formulation
If Slope ≧ 30%, then ∑Xi3 = 0 and ∑Xi4 = 0 (8) ∑Xi3 × 105 =4515 (9) ∑Xi4≦1.8 (10) Xi3 is housing area in different grid. Xi4 is commercial area in different grid. In this analysis, first, we calculate the values which are in different units normalized and can be calculated together. The value estimate from existing land use pattern is -1198607. Through optimization, the value is -30268.72. Fig. 2 and Fig.  3 show that Tai Po Township before and after optimization. Zones A and B will be discussed respectively.
B. Optimization Results and Discussions
Compared to orchard, crop land has more output value and less soil erosion, it is better to choose crop land for economic benefit and disasters impact. Before optimization, the crop land area is 47.12 ha, the orchard area is 321.64 ha, the housing area is 26.44 ha, and the commercial area is 5.72 ha; after the optimization, the commercial and housing area in Zone A is turned into crop land because the housing area and the commercial area optimized is located in the place of which the slope exceeds 30% before optimization, therefore, it will be turned into other type in Zone B. Table I shows the change of decision variables value before and after the optimization. Through the total change of decision variables value, we can find that after optimization, the Output Value is increase, Soil Erosion is reduce and the Bod is the same as before. The result shows that this model is useful for high flood risk area. 
